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ABSTRACT
The  wetlands  and  wetland  macrophytes  play  crucial  role  in  the ecosystem  with  direct  as  well  as
indirect benefits of uncountable value. A study was undertaken to document angiospermic wetland
macrophytes in Pune district, Maharashtra state, India. Results of the study revealed that, there are 11
categories of wetlands in Pune district including seven natural and four man- made. These wetlands
harbour 457 angiosperms belonging to 72 families. Of these, 457 taxa, 204 taxa are under different
categories  as  per  IUCN,  while  253  are  not  evaluated.  Among  recorded  taxa,  one  is  ‘Critically
Endangered’ (Eriocaulon santapaui),  three ‘Endangered’ (Iphigenia stellata,  Eriocaulon richardianum
and Dimeria hohenackeri), two ‘Vulnerable’ (Isachne bicolor and Utricularia albocaerulea) and 198 taxa
are ‘Least concerned’. Total 67 Indian endemic taxa are recorded from the wetlands in the study area.
Introduction
Aquatic  systems  include  deep-water  systems  and
wetlands.  Deep-water  systems  include  big  rivers,
lakes and water reservoirs which have more than 2 m
depth  of  water,  while  the  systems  with
partial/seasonal/perennial  shallow  submergence  are
called wetlands (1). The wetlands generally found in
ecotones between deep water systems and terrestrial
ecosystems. The wetlands may have at least  one or
more  following  attributes:  i)  at  least  for  certain
period of a year the hydrophytes are predominant on
such  land;  ii)  undrained  hydric  soil  is  the
predominant substrate; iii) in each year at some time
during  the  growing  season the  substrate  is  nonsoil
and  saturated  with  water  or  covered  by  shallow
water level (2). A very simple definition of a wetland
is, ‘wetlands are those ecosystems or ecotones which
are  dominated  by  macrophytes’  (3).  As  per  the
Ramsar information paper on wetlands, ‘the wetlands
are  areas  where  water  is  the  primary  factor
controlling the environment and the associated plant
and animal life. They occur where the water table is
at or near the surface of the land, or where the land is
covered by water’ (4).
The  macrophytes  are  inseparable  entity  of
shallow wetlands. Macrophytes fulfil different needs
of the  other biotic  components  of  the  system. They
provide  food  and  oxygen  as  well  as  shelter  to
associated biota. They also work as a sink for organic
as  well  as  inorganic  elements  present  in  the
ecosystem. They are important as a resource provider
in the form of nutrient-rich foods and medicines to
human  communities.  They  filter  the  water,  recycle
the  nutrients  and  produce  humus  due  to  fast
decomposition  of  biomass  and  also  work  as
significant  carbon  sinks  in  wetland  systems.  The
wetlands are vital aquifers to recharge ground water
table;  therefore,  they are of immense importance to
human society (4). 
The documentation  of  floristic  diversity  of  any
region  is  of  immense  importance  to  utilize  and
conserve  the  resources  as  well  as  to  protect  the
interests  of  the  society  and  nation  at  large  (5).  In
India documentation of biodiversity especially phyto-
diversity is done to a great extent in general. In India,
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a few significant wetlands such as Sundarbans, Dal
Lake, Chilika Lake and Ramsar sites are extensively
studied  with  respect  to  diversity  of  biota,
physicochemical properties and social relevance (1).
An attempt to report aquatic vegetation of the Indian
subcontinent  and  their  composition  was  made  by
Lavania  and  co-workers  (6).  An  earlier  study
provides classification of wetlands in India (1). Cook
(7)  provided  a  comprehensive  manual  for
identification of aquatic plants of India. Though this
is comprehensive documentation, there is very less
information available about  the regional  wetlands.
Physical factors affecting the macrophytic vegetation
were evaluated (8). The limnological parameters like
light,  pH, nitrogen content of water and its effect on
presence of tropical hydrophytes were reported (9);
while  a  review  of  factors  affecting  distribution
patterns  of  aquatic  macrophytes  is  done  (10).
National  Wetland  Atlas  identified  201503  wetlands
of  more  than  2.25  ha  size  across  all  the  states  of
India and classified the wetlands into 19 classes (11).
As for Maharashtra state, NWA (11) identified 23046
wetlands  across  the  state;  of  these  only  four  viz.,
Jayakwadi,  Ujani  and  Nalganaga  wetlands  and
recently  identified  Ramsar  site  of  Nandur-
Madhmeshwar  are  recognized  by  MoEF  &  CC  as
significant  wetlands  in  Maharashtra  (12).  In  the
addendum  to  NBAP  (13)  it  is  emphasized  to
strengthen research work on protected areas, fragile
ecosystems and  wetlands  to  develop  baseline  data
on  biological  and  managerial  parameters  and
functional  properties  of  ecosystems.  It  has  given
priority for development of strategies for protection
and conservation of wetlands with the use of their
resources  involving  local  communities  and  other
stakeholders. 
Documentation of wetland flora of Maharashtra
is  done  to  some  extent  and  is  evident  from  State
Gazetteer (14) reported 125 aquatic angiosperms of
Maharashtra.  In  an  inventory  of  hydrophytes  of
Maharashtra  279  species,  4  subspecies  and  12
varieties  were  reported  (15).  From  South-western
Maharashtra  303  aquatic  angiosperms  from  fresh
water  as  well  as  mangrove  wetlands  are  reported
from four districts, viz., Satara, Kolhapur, Ratnagiri
and  Sindhudurg  (16).  Sporadic  reports  of  small
reservoirs  or  riverine  ecosystems  are  available,
especially from Vidarbha region of the state (17, 18).
The  Flora  of  Maharashtra  (19)  recorded  only  a
glimpse  of  hydrophytes  and  mangroves  of
Maharashtra state in general, but the plant diversity
of wetlands was not emphasized. Even in the revised
state gazetteer (20) the wetland plants, as well as the
hydrophytes  are  neglected  and  a  very  scanty
information  is  provided  about  the  wetland  plants.
Critical  notes  on  distribution  patterns  of  aquatic
plants especially those are endemic and threatened
in the Western Ghats is given in a report of IUCN, but
without total list of aquatic plants of Western Ghats
(21). This report also emphasized that the studies on
aquatic plants are very negligible as compared to the
plants  of  other  ecosystems.  Same is  the  case  with
wetlands of Maharashtra state except for the coastal
systems. Though there are several reports of floristic
diversity from Pune region (22-28); all are confined
to  general  vegetation  and  flora  with  the  main
emphasis  of  diversity  of  angiosperms.  The  reports
related to aquatic  or wetland plants  are very less.
Wetland  plants  of  Mutha  riverbed  near  Pune  (29)
and later  74 macrophytes  are  reported from Mula
river  in  Pune  city  (30).  Recent  reports  from  the
region provided structure  and  composition  of  wet
microhabitats  on  the  high  altitude  plateaux and
plants  associated  with  these  microhabitats  (31-33).
All these evidences showed that, the comprehensive
reports  with  special  reference  to  the  aquatic
ecosystems  of  the  region  are  not  available.
Therefore,  a  study  was  undertaken  to  bring  on
records the wetland ecosystems and the diversity of




The district Pune is geographically located between
17.5°  to  19.2°  N.  latitude  and  73.2°  to  75.1°  E.
longitude with a total area of 15642 km2. The district
is  bounded  by  Thane  district  on  the  north-west,
Raigad  district  on  the  west,  Satara  district  on  the
south,  Solapur  on the  south-east  and Ahmednagar
district  on the north and north-east.  In the west it
has  high  hills  of  Western  Ghats  in  the  form  of
Sahyadri and it extends to the Deccan plateau on the
east.  The  physiography  is  varied  with  altitudinal
variations from about 600 msl to 1300 msl. There are
fourteen rivers with twenty reservoirs/dams of small
and medium capacity, and several many small local
reservoirs  constructed  mainly  to  fulfil  agriculture,
industrial  and domestic  water demands.  There are
canals with most of the reservoirs further increasing
wet areas. Main rivers are Neera, Mula-Mutha and
Ghod-Bhima  with  their  tributaries.  Important
reservoirs  are  Neera-Devghar,  Bhatghar,  Veer,
Panshet,  Varasgaon,  Valvhan,  Khadakwasala,
Mulashi,  Pawana,  Chas-Kaman,  Dimbhe,  Wadaj,
Manikdoh,  Pimpalgaon  Joge,  Yedgaon  and  Ujani
(partial  backwaters).  These  dams  and  their
backwaters  are  large  wetlands  with  great
anthropocentric  activities  and  influences.  As  per
National  Wetland  Atlas,  Maharashtra;  about  4.36%
of  the  total  geographic  area  of  the  district  is
identified as wetlands (Fig. 1) including free water
area (11).
Data Collection 
Extensive  and repeated  field  surveys were carried
out from 2010 to 2018 in the study area, covering  all
the  seasons  of  the  year  to  document  the  species
richness  of  the  wetlands  in  study  area.  A
comprehensive list of angiospermic macrophyte taxa
occuring  in  wetlands  in  the  area  under  study  is
prepared. During field surveys, emphasis was given
to  document  type  of  vegetation,  habitat,  growth
form,  phenology  and  associated  species  if  any.
Monsoon  ephemerals,  tuberous,  cormatous  and
rhizomatous plants with a short life span were given
special  attention to get data on their life cycle and
phenology  especially  on  the  plateau  ecosystems.
Morphological  characters  were  recorded  on  the
basis of fresh material in the field. 
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Laboratory Studies
Collected  plant  specimens  were  processed  for  the
herbarium  following  standard  techniques  (34).  In
most of the cases, specimens were identified afresh.
All the herbarium specimens were carefully checked
in  the  laboratory  and their  identity  was confirmed
with  help  of  the  floras  (19,  22,  23,  25,  35-43)  and
published  literature  in  scientific  journals.  Doubtful
specimens  were  checked  and  confirmed  by
comparing  with  earlier  identified  specimens  at  the
following  herbaria:  (i)  Botanical  Survey  of  India,
Western Circle, (BSI), Pune, (ii) Agharkar Herbarium
(AHMA), Agharkar Research Institute, Pune. Voucher
specimens  are  deposited  in  the  Herbarium  of
Balasaheb Jadhav College, Ale.
The taxonomic treatment of the taxa follows APG
IV system of classification (44). Nomenclatural updates
are as per Plants of the World Online database (45)
and the Plant list  database (46). The threat status of
each taxon is provided as per the IUCN Red List (47).
The status categories of the macrophytes of wetlands
are followed (48). As there is no proper classification
of the wetlands of study area was available. The areas
are  classified  as  per  the  earlier  work  (1,  2).  The
characteristic  features  of  classified  wetlands  are
provided in Table 1.
Results and Discussion
The wetlands
The  wetlands  in  study  area  are  mainly  of  three
types,  i)  Lacustrine  (wetlands  associated  with
lakes/reservoirs)  (Fig.  3),  ii)  Riverine  (wetlands
along  rivers  and  streams)  and  iii)  Palustrine
(marshes, swamps and bogs). Palustrine wetlands
in the district are of seasonal marshes on plateau
and  alongside  canals  and  sugarcane  fields.  The
wetlands  in  Pune  are  classified  and  found  that,
there  are  seven  categories  of  natural  wetlands
and  four  categories  of  artificial/man-made
wetlands (Table 1).  Most of the natural wetlands
are distributed in high elevation plateau (Fig. 4).
The highest diversity of macrophytes is recorded
in  natural  wetlands.  Artificial  wetlands  are  less
in  number  and  of  perennial  nature  such  as
backwater  areas  of  reservoirs  like  Yedgaon,
Mulashi,  Ujani,  Pimpalgaon-joga etc. Macrophyte
community in these habitats is usually dominated
by invasive and opportunistic  taxa like,  Ipomoea
carnea  Jacq.,  Typha angustifolia  L.,  Chrozophora
rottleri (Gies.)  Juss.,  Persicaria  glabra (Willd.)
Gomez.,  Alternanthera  sessilis (L.)  R.  Br.  ex DC.
etc.
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Fig. 1. Study area showing wetlands (Blue areas are wetlands) adapted from National Wetland Atlas : Maharashtra, SAC/RESA/AFEG/NWIA/
ATLAS/19/2009. (https://www.saconenvis.nic.in/publication%255CNWIA_National_atlas.pdf).
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Table 1. Classification of wetlands recorded in Pune district.
Category Type Wetland Features
Natural
Riverine
Waterfalls Seasonal, generally in the hills and along slopes
Riverbanks Along river course
Shallow flowing water
Near  the  origin  of  rivers,  shallow  flowing  water  stream  beds  and
vegetation along with its margins
Palustrine
Plateau Flat topped hills with seasonal saturation of water
Seasonal marshes Ephemeral  marshes  are  observed  along  the  plateau,  and  associated
forests fringes
Seasonal ephemeral pools Small poodles along the plateau as well as at low elevation
Seasonal runoffs Rain water runoff paths on the plateau
Man-made
Lacustrine Dams / reservoirs Water  reservoirs  constructed for irrigation and flood control.  It  has
shallow water and terrestrial habitats
Palustrine
Canals Along the plains and fields and also have water seepage along canals
Rice fields & Sugarcane fields Original marshy places converted to rice fields
Abandoned  quarries After excavation of minor ores, such quarries are water logged
Fig. 3. Wetlands in study area : A. Backwaters of Manikdoh reservoir during rainy season; B. Backwater marsh of Khadakwasala;
C. Hydrophyte community along the margin of pond; D. Marsh vegetation near Pimpalgaon Joga; E. Macrophytes of riverine wetland.
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Fig. 4.  A. Oxystelma esculentum on Typha in riverine marsh; B. Marshy area with Rotala sp. in foreground; C. Najas indica submerged in 
shallow water; D. Seasonal pool on plateau with dominance of Senecio spp; E. Macrophytes at plateau comprising Eriocaulon-Pogostemon-
Senecio-Cyathocline community.
Macrophyte Diversity
The species richness of angiospermic macrophytes
in the wetlands of Pune district comprises 457 taxa
at  species  and infraspecific  level  (Supplementary
Table 1). As per APG IV system they are distributed
under 72 families and 28 orders. As the wetlands
are  vulnerable  to  anthropogenic  activities,  the
plants  occurring  there  also  face  threats.  Among
these  457  taxa,  204  taxa  are  under  different
categories  as  per  IUCN,  while  253  are  not
evaluated. Among evaluated taxa, one is ‘Critically
Endangered’  (Eriocaulon  santapaui Moldenke),
three  ‘Endangered’  (Iphigenia  stellata Blatt,
Eriocaulon richardianum (Fyson) R.Ansari  & N. P.
Balakr. and Dimeria hohenackeri Hochst.  ex Miq.),
two ‘Vulnerable’ (Isachne bicolor  Naik & Patunkar
and  Utricularia  albocaerulea Dalz.)  and  198  taxa
are  ‘Least  concerned’  as  per  IUCN.  Among  the
recorded taxa, 67 are Indian endemics.  
While assessing the wetland flora on the basis
of frequency of occurrence of the taxa as hydrophyte
or  non-hydrophyte,  there  are  five  different  status
categories.  These  categories  are,  i)  OBL–  obligate
wetland  species  which  almost  always  occur  as
hydrophyte  and  very  rarely  in  uplands/terrestrial
habitats;  ii)  FACW–  Facultative  wetland  species
usually  a  hydrophyte  but  occasionally  found  in
uplands/terrestrial  habitats;  iii)  FAC–  Facultative
species  occurs  either  as  hydrophyte  or  non-
hydrophyte;  iv)  FACU–  Facultative  upland  species,
which  occurs  as  usual  terrestrial  and  occasional
hydrophyte;  and  v)  UPL–  Obligate  upland  species
which is almost always a non-hydrophyte (48). In the
present  study,  out  of  457  recorded  taxa,  92  are
obligate  wetland  plants  (OBL),  257  are  facultative
wetland plants (FACW), 21 are facultative taxa (FAC),
25 facultative upland species (FACU) and 62 upland
species (UPL) (Fig. 2).  
It is observed that, most of the wetlands at high
elevation  plateau  are  dominated  by  members  of
Poaceae  and  Cyperaceae  families  with  seasonal
dominance of OBL and FACW taxa (Fig. 5). There is
quick  seasonal  succession of  plant  communities  as
per availability  of  water.  The initial  community  of
Curculigo,  Hypoxis,  Iphigenia  dominating  at  the
beginning  of  monsoon  is  replaced  during  late
monsoon  by  Eriocaulon,  Smithia,  Drosera,
Utricularia  and  then  followed  by  Pogostemon,
Linum, Senecio, Cyperus,  Grasses community in the
post-monsoon period. 
Similarly,  in  the  lacustrine  wetlands  the
Eriocaulon,  Dopatrium,  Commelina,  Murdannia,
Lindernia community in the monsoon is replaced by
Ammania,  Echinocloa,  Pogostemon,  Cyperus
community  in  late  monsoon  period.  Further,
Canscora,  Sphaeranthus,  Centaurium,  Exacum,
Alternanthera,  Bacopa,  Lindernia  dominates  during
the winter season.   
Regarding distribution of taxa, the most widely
distributed  taxa  are  Typha  angustifolia  L.,
Echinochloa colona (L.)  Link,  Ipomoea carnea  Jacq.,
Limnophila  heterophylla (Roxb.)  Benth.,  Ottelia
alismoides  (L.)  Piers,  Vallisneria spiralis  L.,  Hydrilla
verticillata (Linn. f.) Royle, Canscora diffusa (Vahl) R.
Br. ex R. & S. and Hygrophila auriculata (Schumach.)
Heine.  The  taxa  with  restricted  distribution  are,
Canscora  concanensis C.B.Cl.,  Cleome  rutidosperma
DC.,  Cyathocline  lutea  Law  ex Wight,  Drosera
burmanni  Vahl, Oxystelma  esculentum  (L.f.)  R.Br.,
Utricularia janarthanamii S.R. Yadav, Sardesai & S.P.
Gaikwad,  U.  arcuata  Wight  etc.  The  free-floating
forms  viz.,  Pistia  stratiotes  L. and  Pontederia
crassipes  Mart.  are  found  only  in  the  riverine
habitats where water is polluted by urban household
sewage disposal. Such sites also have Paspalum and
Alternanthera species  forming  mats  on  marshes
along margins.
Conclusion
The  wetlands  of  district  Pune  are  of  riverine,
palustrine and lacustrine types. Total 11 categories of
freshwater wetlands are identified and classified. The
species richness of angiospermic taxa in wetlands is
recoreded for first time for study area.  The species
richness comprises 457 angiosperms belonging to 72
families and 28 orders as per APG IV system. 
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